Abstract: During the course of the UNESCO/IGCP project nr. 442 (1999-2001) the present author, along with several colleagues, has described rare raw material types, used in the Neolithic/Aeneolithic, for the construction of stone implements. A metamorphic rock-type (greenschist) containing a substantial amount of Al-rich green spinels, is of special interest. This raw material type is characterized in this contribution. The rocks, which are the object of the present study, are metamorphic rocks of the greenschist association (containing monoclinic as well as rhombic amphiboles, and Al-rich green spinels in a substantial (5-20 vol. %) amount). Accessory mineralsnot necessarily encountered in each thin section, are olivine, orthopyroxene, corundum, clinozoisite, muscovite, cordierite, various plagioclases (albite and anorthite included), phlogopite, ilmenite, magnetite and sphene. The results of microprobe analyses for individual rock-forming minerals are presented. The genesis of the described rock-types is complicated; they are product of three metamorphic events (M 1 , M 2 , M 3 ).
Introduction
During a laboratory study of raw materials of neolithic implements, the author, together with several colleagues, has described rock types as yet unknown within the Western Carpathian metamorphic complexes. Amongst such rocks we have identified greenschists with a substantial amount of Al-rich green spinel, used as the raw material for implements construction.
Among the metamorphic rocks of the greenschist family, types with abundant green spinel were not mentioned in geological papers until now. They are the subject of the * E-mail: dusan.hovorka@gmail.com present paper. No mentions of greenschist with Al-rich green spinel and other rare phases were included in papers devoted to geoarcheology. Therefore they were not quoted by geoscientists in the broader sense. Thus, the author of this paper desires to characterize this rock-type in detail and draw this study to the attention of petrologists and geoscientists. Stone implements constructed from the greenschist raw material type (but without any mention of spinel present) have been described during field archeological surveys related to several projects. The Neolithic ranking is based on classical archeological criteria, namely the type of ceramics, and the colour and style of the painting. The presence of stone implements occurring simultaneously with implements made of greenschists with Al-rich green spinels has been taken into consideration. The stone implements or stone types used as raw materials for implement construction, were described from several a localities in the western Slovakia [1] [2] [3] . Neolithic stone implements made from these rocks were also found in the NW part of Hungary [4] .
It should be noted that all of the localities are located to the east (or southeast) of the Malé Karpaty Mts. (the mountain range NW of Bratislava - Fig. 1 ). At present, the available geological maps (though detailed inscale, and containing explanatory text) do not contain any mention of the presence of greenschist rock type under discussion. Based on the positive topography and central position of this mountain range among the localities whereimplements made of the greenschists with Al-rich spinel are found, the Malé Karpaty Mts. are presumed to be the area of the greenschist occurrences. An extensive matabasite massive to the E and NE of the small town Pernek is the most favorable location for the outcrop of greenschist (Fig. 2) . As the result of reaching thispreliminary conclusion, the present author made several field surveys for the greenschist occurrence, unfortunately without any positive result, although several tens of thin sections have been studied. The present author believes that the primary outcrop of the greenschist rock-type is located in the complex of metabasites occuring on the western slopes of the mountain rangeto the NE of the small town of Pernek (Fig. 2) . However, we do not yet know the exactlocation and the size of the proposed rock-body or bodies. .
In the area of the proposed greenschist occurrences in the Malé Karpaty Mts., especially in the area covered by the rock sequences of the Pernek Fm., intensive urbanization has occurred. Such human activities together with natural geological processes (including weathering and landslides with original slope debris) should be added to negative factors when searching for natural outcrops of the greenschist.
Based on the fact that greenschists with Al-rich spinels ought to originate from a protolith rich in alumina, such metamorphic rock-types may occur as the small bodies or thin intercalations among originally basaltic volcaniclastic protoliths. Such a geological situation has been observed in the many mountain cores and also in the metabasite units of the Western Carpathian Mts.
Mineralogy and petrology
It should be noted that teh term "greenschist" in this paper is used in its petrological sense, and not on the broader rock division based on its colour. Similarly it should ne noted that the following rock characterization is based on laboratory studies of stone implements from several western Slovakian archeological sites.Thin sections, and sections for microprobe studies were prepared from broken (damaged) implements. Altogether we have approximately 35 thin sections containing Al-rich green spinels from various archeological sites at our disposal (Fig. 1) .
In all studied cases, Al-rich spinel does occur in greenschists in which rhombic amphibole (anthophyllite) in is present in substantial amounts. This means that the origin of both phases is genetically connected. In the time span in which we worked on the "raw materials of stone implements" laboratory studies we mentioned the presence of Al-rich green spinels in several papers. But in other papers [3, 4] we have also studied other petrological aspects and the chemical composition of the other phases present in the given rocks. The rocks under consideration in this study are either massive, or do not have well developed schistosity. This type of the raw material has a spotty appearance with spots composed of plagioclases and quartz, respectively. The greenschist rock types are hard, dark green to dark grey in colour, with very rare "fields", of coarser-grained phases observable by the naked eye. These coarse grained fields have oval shape and sharp boundaries with the groundmass. The grain-size of these fields is generally coarser than grain-size of the groundmass of the rock. All studied stone implements made from the greenschist rock-type were bored types with various diameter boreholes. The greenschists, viewed in thin sections under the polarizing microscope have very fine-grained (mostly less than 0.1 mm) appearance with rare light "spots". The spots are mostly equidimensional, but in some places are irregular. They are of different mineral composition in comparison with the groundmass. The composition of thesetextural phenomena isplagioclase and quartz, with orthopyroxenes present.
The orthopyroxenes are partly replaced by monoclinic, and rhombic amphiboles.Acessory minerals identified were olivine, anorthite, cordierite, corundum, clinozoisite, quartz, muscovite, chlorite, sphene and ore minerals. It should be noted that izometric plagioclase crystals have zonal composition with more Ca-rich rims compared to the central parts of the same crystal. In the phlogopiteanthophylite schist raw material type, small extremely CaO-rich plagioclases (= anorthites) were identified (Tab. 1). In the greenschist rock type, a key characteristic is the radial orientation of amphibole crystals. The dark colour of the artefacts studied are of relevance; it is related to thereflection of disseminated fine grained ore minerals located in the matrix of the rocks. In several thin sections ore pigment is arranged into parallel non continuous strips (Fig. 4) . For the given set of implements,an important characteristic is the identification of various amphiboles present. The most abundant are actinolite and Mg-hornblende long columnar to needle-like crystals, arranged in a radial orientation. In addition, magnesioriebeckite, pargasite, and actinolite were identified by the use of the microprobe. 
Discussion and conclusion
In this paper, the author offers information on an unusual, very fine-grained greenschist, in which accessory, rare orthopyroxene and olivine are present. A typical mineral assemblage for this rock123 is orthoamphibole together with the green Al-rich spinel. Based on microscopic structural features we class this greenschist rock-type amongst poly- The spatial distribution of the Neolithic/Aeneolithic implements made from the raw material type under discussion within Western Slovakia (Fig. 1) is characteristic. A Lack of tools made from just this raw material type within the central, as well as the eastern part of Slovakia is typical. Thus, the primary occurrences of the greenschist rocks must be located close to the archaeologic sites, on which the implements and also working tools (stone saws) made of spinel greenschists have been found in the past - Fig. 1 , and reference below.
Greenschists with Al-rich spinels were also identified 136 among stone Neolithic implements found several km far from the Malé Karpaty Mts. in the NW Hungary [5] . A number of additional papers make mention of the presence of this raw material type of the Neolithic stone implements among the other raw material types in the given sites. Within the pre-Carboniferous complexes of the Malé Karpaty Mts. sedimentary and magmatic formations also contain bodies of metagabbroic rocks, which have been known to all authors of the 19th and 20th centuries. Lastly they are briefly discussed in the Explanations to the geological map of the Malé Karpaty Mts. [6] . No mention of the presence of Al-rich green spinel in given for this rock-type, though the information on presence of spinels in greenschist faciesmetamorphic rocks had already been published in scientific journals [1] [2] [3] .
The Pressure-Temperature conditions of the origin of the greenschsit rock type (raw material type) were more-orless equal to conditions just on the boundary of the greenschist and amphibolite facies. The protolith tothis metamorphic product was a magmatic rock with high amount of Mg, and relatively low amount of Si. Such rock should be identified among the melanocratic mafic, to the ultramafic rock composed mostly of ortho-and clinopyroxene plus accessory minerals.
The metamorphic origin of the greenschist rocks under discussion is explained on the basis of the the following criteria: anthophyllite (typical metamorphic mineral) is one of the main rock-forming minerals of the given rock. intensively recrystallized (into anthophyllite agregate) orthopyroxene (Tab. 1) crystals were seldom identified in the rock, in the rock type under discussion, plagioclase zonal crystals of extremely different composition were documented (Tab. 3), in small plagioclase crystals inverse compositional zonality (with more Ca-rich rims corresponding to anorthite) were identified, xenoblastic crystals of spinel are spatially associated with ilmenite and sphene crystals. Spinels are the product of the M 2 event, rare fine-grained olivine crystals (Tab. 1) based on the amount of Fe and Mg imply a metamorphic origin, from metamorphosed metagabbro or metaperidotite. As the result of recrystallization processes, the dark green to dark grey, fine-grained (0.1 mm) massive metamorphic rock originated. Generally in metamorphic rocks the rare mineral phase, Al-rich spinel, originates by the breakdown of orthopyroxene following the equation: orthopyroxene + H 2 O = anthophyllite + Al-rich spinel The relatively uniform raw material type of the artefacts under consideration suggests that one rock-body or several rock-bodies ought to be considered as the source raw material for the set of artefacts found on the 180 western Slovakia sites. However, in this area, it is necesary to repeat the 181 field reconnaissance study in the area of the metabasites occurrences, as so far, outcrops of this rock type have not been found. In this connection we must not forget that the grain-size of the Al-rich spinel is very tiny (mostly less than 0.1 mm). The processes of weathering, slope sliding and urbanization in the region of known 185 metabasites may have buried expected greenschist rock body/ies. Given this situation, the distribution of metamorphosed metagabbroide/ultrabasite body/ies may make it difficult to discover a this rock type in the field. From the suggested protolith, relatively high amounts of alumina-rich constituents (e.g. Al-rich spinels, corundum, cordierite, muscovite, chlorite originated. The phases present are in non-equilibrium relations, based on the recrystallization of very rare rhombic pyroxenes. They are still present in the form of irregular small relics of original porphyroclasts. Orthopyroxene crystals are surrounded or filled up by aggregates of fine-grained amphiboles. The growth of green spinel crystals around ore minerals, together with locally observed fan-like and radial orientation of rhombic amphibole crystals, are in favour of M 2 processes. The irregular distribution of Al-rich green spinel crystals is also characteristic of this rock type. Spinels are concentrated around of pre0existing orthopyroxene, forming a discontinuous rim. They are also spatially associated with Ti-magnetite and sphene.
The evolution of the given rock-type could be explained as follows. The initial stage (M 1 ) of metamorphic recrystallization yelded the clinoamphibole, chlorite, and fine-grained ore minerals distributed along planes of pronounced schistosity. Higher Pressure-Temperature conditions of recrystallization (M 2 ), which are characteristic for contact-thermic processes, were observed on the whole pre-Carboniferous rock-sequence of the Malé Karpaty Mts. [7] [8] [9] . M 2 processes caused heating and recrystallization (dehydration) of original mineral sequence of [10] . The final (M 3 ) metamorphic process is hydration of the already existing mineral associ- in agreement with results of [3] . Generally, a high amount of -OH bearing minerals, indicate hydration in the final (retrograde stage of recrystallization (M 3 ). An additional very valuable discovery [2] is that stone "saws" were made just from this type of rock. As a direct proof of this is the discovery of "saws" of this raw material type. The saw studied in detail is repre- sented by an approx. several cm long tablet with one side constructed in a V shape related to the perpendicular cut. Thin section made from this broken "saw" proved the supposed identity of the saw raw material to be the discussed greenschists. Hardness of the saws is based on the presence in substantial amount of Al-rich spinels (which are approx. of 8 degree of hardness in the Moh's scale) in raw material of which saws were made. All presented mineral analyses are taken from papers [2, 3] .
